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Pathogenesis of renal disease in leptospirosis: Clinical and exper-
imental studies. We studied the pathogenesis of renal lesions in
leptospirosis in both human and animal models. The study pa-
rameters in 12 patients included prothrombin time, plasma fibrin-
ogen, factor V, factor VIII, partial thromboplastin time, fibrin
degradation products (FDP), blood viscosity, blood volume, re-
nal blood flow, plasma renin activity, and renal immunopathology.
Hypovolemia was observed in the patients who did not receive
i.v. fluid prior to study. Plasma fibrinogen was increased and ac-
counted for blood hyperviscosity. Renal blood flow was de-
creased in the patients with severe renal failure. Plasma renin
activity was increased. The serum FDP was mildly elevated, and
there was evidence of mild intravascular coagulation. Apart from
tubulointerstitial changes and demonstration of leptospiral anti-
gen in the kidney, C3 deposition without immunoglobulins was
noted in the arteriolar wall. In hamsters, inoculated i.p. with lep-
tospires serovar bataviae, the organisms were demonstrated in
the glomeruli and interstitium 3 hours after inoculation, and were
detected in the proximal tubules at the 9th hour. Pathologic
changes occurred initially in the glomeruli and interstitium with
involvement of the tubules at the later stage. Conclusion. Lep-
tospires gain access to the kidney by the hematogenous route,
circulate to glomeruli and peritubular capillaries, and migrate to
the interstitium, renal tubules, and tubular lumen. Renal lesions
occur during leptospire migration. Although the actual mecha-
nism is unclear, the presence of leptospires in the renal tissue is
essential for the development of renal lesions. Tubulointerstitial
changes are responsible for impaired renal function. Hypovo-
lemia, blood hyperviscosity, and perhaps intravascular coagu-
lation further contribute to the development of renal failure.
Pathogénie de l'atteinte rénale au cours de Ia leptospirose:
Etude clinique et expérimentale. La pathogénie des lesions ré-
nales dans Ia leptospirose a été etudiCe sur des modèles humains
Ct animaux. Parmi les paramètres étudiCs chez 12 malades figur-
aient Ic temps de prothrombine, Ic fibrinogene plasmatique, le
facteur V, le facteur VIII, Ic temps de thromboplastine, les pro-
duits de degradation de La fibrine (FDP), Ia viscositC sanguine, le
volume sanguin, le debit sanguin renal, l'activitC rénine plasma-
tique et I'immunopathologie rénale. L'hypovolémie a été ob-
servée chez les malades qui n'avaient pas recu de perfusion
préalablement a l'étude. Le fibnnogCne du plasma était aug-
menté cc qui expliquerait l'hyperviscosite sanguine. Le debit
sanguin renal était diminué chez les malades en insuffisance ré-
nale sévère. La refine plasmatique Ctait augmentee. Le FDP
était modérément augmente, et ii y avait des signes de coagu-
lation intravasculaire modérée. En plus des modifications
tubulointerstitielles et de Ia misc en evidence d'antigene lepto-
spiral dans le rein des dépôts de C3 sans immunoglobulines ont
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été notes dans La paroi artérielle. Chez les hamsters inoculés par
voie péritonéale avec des leptospires serovar bataviae on peut
voir les organismes dans les glomérules et l'interstitium trois
heures après l'inoculation et dans les tubes proximaux neuf
heures après l'inoculation. Les modifications histologiques in-
téressent initialement les glomerules et l'interstitium et Les tubes
ne sont lésés qu'ulterieurement. Conclusion. Les leptospires
pénCtrent dans Ic rein par voie hematogene, circulent jusqu'aux
glomerules et aux capillaires péritubulaires et migrent vers
l'interstitium, les tubes rénaux et al lumière tubulaire. Les
lesions rénales surviennent au cours de Ia migration des lepto-
spires. Bien que le mécanisme exact ne soit pas clair Ia presence
des leptospiroses dans Ic tissu renal est nécessaire pour Ic
developpement des lesions rénales. Les modifications tubulo-
interstitielles sont responsables de l'altCration de Ia fonction
rCnale. L'hypovolemie, l'hyperviscosite sanguine et peut-étre La
coagulation intravasculaire contribuent encore au développment
de l'insuflisance rCnale.
Renal changes in leptospirosis include interstitial
nephritis, tubular necrosis, and mild mesangial pro-
liferation [1], with renal failure in 67% of patients
[2]. The mechanism responsible for the develop-
ment of renal lesions is not understood well. Renal
ischemia [1], a toxin [1, 3], bacterial migration [4],
and an immunologic reaction [5] have been sug-
gested. The nonspecific effects of infection such as
changes in blood volume and hemorheologic prop-
erties, hemoly sis, and intravascular coagulation
have not been evaluated. In fact, these factors have
been implicated in the pathogenesis of renal failure
in malaria [6, 7], a disease that resembles leptospi-
rosis in many clinical aspects. Therefore, we under-
took this investigation to examine these nonspecific
factors and to study further the renal immuno-
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pathology in patients with leptospirosis. We also
made attempts to identify the sequence of renal lo-
calization of leptospires in hamsters inoculated with
leptospires, in the hope of gaining more information
about the pathogenesis of the renal lesions.
Methods
Clinical study
We studied 12 patients with leptospirosis (9
males, 3 females; ages, 23 to 39 yr). All patients had
positive agglutination tests for Leptospira inter-
rogans (serovar bataviae) with rising titers. They
were admitted to the hospital 3 to 7 days after
the onset of fever. The clinical profile is shown
in Table 1. The serum creatinine ranged from 1.6 to
10.3 mgldl, and the blood urea nitrogen (BUN) var-
ied from 48 to 183 mgldl. They had jaundice of vary-
ing degrees, with the total serum bilirubin ranging
from 3.5 to 19.5 mg/dl. The total serum protein var-
ied from 6.2 to 7.3 g!l00 ml; and the hematocrit,
from 39 to 46%.
Hematology. On admission, in addition to periph-
eral blood film and platelet count, determinations
were made of prothrombin time [8], partial
thromboplastin time [9], plasma fibnnogen [10], fac-
torV [11], factor VIII [9], fibrin degradation prod-
ucts (FDP) [12], plasma hemoglobin [13], and C3
[14]. When found abnormal, determinations were
repeated during recovery.
Blood viscosity was measured on whole non-
heparinized blood on the first hospital day (day 1)
by a cone-in-cone viscometer by the technique of
Dintenfass [15]. Determinations were made at shear
rates of 7.2 and 14.4 sec, and were repeated dur-
ing the recovery phase 2 to 3 weeks later.
Blood volume was measured in only 5 patients
who had not yet received i.v. fluid because most
patients already had received i.v. fluid. After the
first determination, i.v. fluid was then allowed. The
plasma volume was measured by a standard tech-
nique with 1311-albumin [16]. Three blood samples
were drawn between 10 and 45 mm after the injec-
tion of 1311-albumin. The isotope dilution was deter-
mined by extrapolating to zero time on semi-
logarithmic graph paper. The blood volume was cal-
culated from the hematocrit. Determinations were
made on hospital days 1, 9, and 18.
Plasma renin activity was determined, by the Ha-
ber radioimmunoassay technique [17], in 8 patients
in the supine position on hospital day 2. The sodium
intake prior to admission was not known, but this
ranged from 100 to 150 mEq/day during the time re-
nm was measured.
Renal .finction. After informed consent was ob-
tained from the patients, compartmental renal blood
flow was studied in 3 patients (cases 1, 4, and 11) on
hospital day 3 or 4. Xenon 133, 1.5 to 2.0 mCi (Ra-
diochemical Centre, Amersham, England, code no.
XAS IP), diluted with normal saline solution to 2.3
ml, was selectively injected into the renal artery
through transfemoral catheterization by a technique
previously described [6]. The blood flow was com-
puted according to the method of Thorburn et al
[18].
Renal pathology. A renal biopsy was performed 2
to 3 weeks after admission, renal pathologic
changes were studied by light and immuno-
fluorescence microscopy. Tissue samples were
stained for human IgG, 1gM, IgA, C3, fibrin, and
fibrinogen.
For detection of leptospiral antigen, the antibody
against leptospire, serovar bataviae, was prepared
Table 1. Clinical data
Patient no.
Age
yr Sex
BUN
Serum
creatinine
Total
bilirubin Serum
protein
gidimgldl
1 30 M 84 3.1 6.2 6.6
2 25 M 112 6.0 7.5 6.5
3 23 M 162 9.2 19.5 6.7
4 34 F 98 5.2 8.4 6.9
5 32 M 123 8.5 10.3 7.0
6 26 M 183 10.3 9.8 6.3
7 31 F 48 1.6 3.5 7.1
8 39 M 177 10.0 4.1 6.2
9 28 M 95 4.7 11.2 6.8
10 35 M 180 9.8 7.9 7.0
11 33 M 161 8.2 10.6 7.3
12 30 F 132 7.5 5.8 6.9
Pathogenesis of renal disease in leptospirosis 829
in rabbits by i.v. injection of 4- to 7-day-old orga-
nisms in liquid media (ito 2 x 108 organisms/mi) at
weekly intervals. The amount of injection started
from 0.5 ml, and was doubled each week until
reaching 4 ml on week 4. One week after the last
injection, the rabbits were bled. The serum samples
were collected and tested for the presence of anti-
body to leptospire by a microscopic agglutination
test. The antisera with a titer of 1:10,000 or higher
were conjugated with fluorescein isothiocyanate
[20].
The cryostat sections of frozen renal tissue were
air dried at 4° C, fixed in 2-octanol at —30° C for 15
mm and fan-dried at 0 to 40 C for 1 hour. The sec-
tions were incubated with conjugated anti-
leptospiral antibody for 30 mm in a moist chamber
at room temperature. The slides were washed twice
with phosphate-buffered saline (pH, 7.1) and were
mounted in buffered glycerol for examination under
fluorescent microscopy. The specificity of the anti-
leptospiral antibody was tested by the blocking
technique. Fluorescent staining by conjugated anti-
leptospiral antibody could be blocked by prior ap-
plication to the section of infected kidney with un-
conjugated antibody.
Experimental study
The L. interrogans serovar bataviae used in this
study was isolated from a patient. The organisms
were grown in 10% pooled normal rabbit sera in
Fletcher's semisolid media (Difco). After sub-
cultures, they were transferred to Fletcher's liquid
media. An amount of 4 to 5 ml of liquid culture me-
dia (with 1 to 2 x 108 organisms/ml) was injected
i.p. to 34 hamsters, aged 4 to 6 weeks, weighing
from 60 to 80g. Two hamsters were killed at 1, 3, 6,
9,18,21, 24hours, andat3, 5, 7, 9, 11, 14, 17,21,
28, and 35 days after inoculation. The kidneys were
removed for pathologic study.
The kidneys from 5 normal hamsters and 10 ham-
sters inoculated i.p. with sterile Fletcher liquid me-
dia served as control. Each of the latter animals was
killed either at 1, 6, 8, 24 hours, and at 3, 7, 11, 17,
28 and 35 days after inoculation.
Light microscopy. Portions of kidney tissue were
fixed in 10% buffered formalin solution and embed-
ded in paraffin wax. Sections were stained with he-
matoxylin-eosin. periodic acid-Schiff, Masson's tn-
chome, and Levaditi's silver method.
Immunofluorescent study. Hamster globulin was
prepared by precipitation of normal hamster serum
with 40% ammonium sulphate solution. The sedi-
ment obtained after centrifugation was dissolved in
phosphate buffered saline (pH, 7.1). The globulin
solution was dialyzed overnight against 3 changes
of phosphate-buffered saline and adjusted to the
concentration of 5 mg of protein per milliliter.
Antihamster globulin was prepared in rabbits by
s.c. injection of 1 ml of hamster globulin solution
with an equal volume of Freund's adjuvant at 2-
week intervals. The antiserum was obtained from
rabbits 2 weeks after the fourth injection. The speci-
ficity of rabbit antihamster globulin was tested
against hamster globulin by immunoelectrophoresis.
Frozen sections of kidney, 4-mjs thick, were
fixed and stained with antisera against leptospire
and antihamster globulin, both conjugated with flu-
orescein isothiocyanate by the same technique as
described in the clinical study.
Results
Clinical study
He,natologic data. Prothrombin time ranged
from 70 to 92% (78.9 [SEMI 2.0; normal, 70 to
100%); factor V, from 85 to 96% (90.8 [SEMI 0.9;
normal, 70 to 120%); factor VIII, from 82 to 99%
(88.6 [SEMI 1.3; normal, 70 to 120%); and partial
thromboplastin time, from 31 to 36 sec (33.4
[SEMI 0.5; normal, 25 to 55 see). Plasma fibrinogen
was markedly increased in all patients, ranging from
420 to 1120 mg/dl (818.3 [SEMI 57.6; normal, 200
to 400 mg/dl), and decreased to a mean of 203.6 mg/
dl during recovery (Table 2). The serum FDP was
slightly increased, ranging from 1.4 to 6.1 mg/dl
(normal, < 0.5 mg/dl). Serum C3 was slightly de-
creased in 6 patients, with a range from 75 to 91 mg/
dl (normal, 104.7 IsEM] 3.3 mg/dl), and returned
to normal within 2 to 3 weeks. In 6 patients, serum
C3 was normal. The plasma hemoglobin was unde-
tectable in 3 patients, and varied from 0.4 to 1.2 mg/
dl (normal, <0.4 mg/dl) in 9 patients (Table 2). Pe-
ripheral blood films showed no alteration in red
blood cell morphology. The platelet count was
slightly decreased in 4 patients (patients 2, 6, 8, and
10), ranging from 110,000 to 160,000/mm3.
Whole blood viscosity ranged from 15.2 to 17.0
cp (16.1 [sEMI 0.09) and 13.0 to 14.5 cp (13.6
[SEMI 0.16) at shear rates of 7.2 and 14.4 sec', re-
spectively. The viscosity decreased to a mean of
12.9 and 10.9 cp at both shear rates during recovery
(Table 2). The increase in viscosity was 25% at both
shear rates during the acute phase of the disease.
Blood volume results are shown in Table 3. Hy-
povolemia was noted on hospital day 1. The blood
volume finally increased to normal on days 9 and
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Table 2. Laboratory dataa
Viscosity
Fibrinogen
mg/di 7.2 sec' 14.4 sec1
FDP C3 Plasma HgbAcute Recovery PRA Acute Recovery Acute Recovery
Patient no. phase phase mg/dl nglml/hr phase phase phase phase
1 892 166 2.4 130 0 — 16.2 13.0 13.8 11.1
2 906 211 3.8 85 0.5 6.7 16.3 12.9 13.8 10.5
3 420 178 1.4 107 0.4 8.4 15.8 12.8 13.0 11.0
4 612 222 3.0 118 0 5.6 15.8 13.3 13.1 10.7
5 723 213 4.2 127 0.6 — 16.0 13.1 13.4 11.2
6 642 182 4.6 75 1.0 5.5 15.9 12.5 13.0 10.9
7 983 245 5.6 121 0.8 3.2 16.3 12.6 14.0 11.2
8 1112 232 5.1 84 0.6 9.0 16.8 12.9 14.5 10.8
9 698 196 3.4 91 1.2 — 15.2 13.2 13.2 10.6
10 845 188 6.1 80 0.9 13.5 15.9 12.7 13.8 10.7
11 866 206 2.2 82 1.2 — 16.2 12.7 13.7 11.1
12 1120 204 2.9 128 0 6.3 17.0 13.1 14.4 10.8
Mean 818.3 203.6 3.73 102.3 0.6 7.28 16.1 12.9 13.6 10.9
SEM ±57.6 ±6.4 ±0.39 ±5.9 ±0.12 ±0.76 ±0.09 ±0.09 ±0.16 ±0.10
Normal 200 to 400 <0.5 104.7 ± 3•3b <0.4 <2 12.8 ± 0J/b 10.8 ± Ol5
Abbreviations used are: FDP, fibrin degradation product; Hgb, hemoglobin.
b Mean ± SEM.
Table 3. Blood volume ing recovery 2 to 3 weeks after admission were less
than 2 ng!mllhr.
Blood volumea, mi/kg Renal function data. The total renal blood flow
Patient no. Day 1 Day 9 Day 18 was decreased in patients 4 and 11). The reduction
2 61.2 73.6 74.1 appeared in components I, II, and III (Table 4). In
3 58.4 76.2 74.6 patient 1, with mild renal failure (serum creatinine,
5 60.4 70.2 72.5 3,1 mgldl), the total renal blood flow and the flow in
9 64.1 71:7 74:3 each component were normal.
Renal pathology data. The findings by light mi-
Mean ± SEM 60.6 ± 1.0 74.0 ± 1.5 74.2 ± 0.5 croscopy did not differ from those previously de-
a Normal blood volume is 75.2 ± (scM) 3.1 mllkg. scribed [1]. The glomeruli showed either mesangial
proliferation or no remarkable change. Tubulo-
interstitial changes were characterized by tubular
18. The average blood volume on hospital days 1, 9, degeneration and interstitial edema with cellular in-
and 18 was 60.6, 74.0, and 74.2 mllkg body wt, re- filtration (Fig. 1). The infiltrate consisted of mono-
spectively. nuclear cells and few eosinophils. Tubular degener-
Plasma renin activity (PRA) in 8 patients was ation was mild in patient 7 (serum creatinine, 1.6
found to be increased, with a range from 3.2 to 13.5 mg/dl).
ng/mllhr (Table 2). PRA in normal persons on the By immunofluorescence, there was deposition of
hospital diet, with an average sodium intake of 100 C3 in the arteriolar wall (Fig. 2). Faint deposition of
mEq/day, is less than 2 nglmL'hr [6]. The values dur- C3 in the glomeruli was seen in some patients. Im-
Table 4. Renal blood flow
Renal blood flow, mi/100 gimin
Patientno. Component I Component II Component III Component IV Total
433 122 21 17 593
4 129 55 11 32.5 337.5
11 154 68.6 14.5 18.9 256
Normaia 411 ± 18.6 104 ± 4.2 24.2 ± 1.9 16.9 ± 2.7 559 ± 13.1
a From Ref. 21
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Fig. l.A renal biopsy speci,nen in man, showing infiltration of inflammatory cells and edema of the interstitium. Note a glomerulus that
is relatively normal. (Periodic acid-Schiff; original magnification, X200)
Fig. 2. Granular deposition of C3 in a glomerulus and arteriolar wall from renal biopsy tissue in ,nan. Note the dense accumulation of C3
in the juxtaglomerular region. (Fluorescent anti-C:3; original magnification, X252)
munoglobulin deposition could not be detected. in 3 to 6 hours after inoculation. After 9 hours, no
Deposition of leptospiral antigen was shown in the leptospires could be found in the glomeruli, but they
interstitium and tubular cells (Fig. 3). were detected with increasing numbers in the inter-
stitium and proximal tubular epithelial cells. No in-
Experimental siudy' tact leptospires could be demonstrated 5 days after
Demonstration of leptospires. By Levaditi's stain inoculation. Only leptospiral antigen was seen (Fig.
and immunofluorescence, intact leptospires were 4). The antigen was initially present in the inter-
demonstrated in the glomeruli and interstitium with- stitium and was later found in the renal tubular epi-
\ 
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Fig. 3. Demonstration of leptospiral antigen in the interstitiurn around the renal tubules from renal biopsy tissue in man. The antigen
appears to be phagocytosed by inflammatory cells. (Fluorescent rabbit antileptospiral serovar bataviae antibody; original magnification,
x400)
Fig. 4. Leptospiral antigen in the renal interstitiu,n of a hamster 5 days after inoculation. (Fluorescent rabbit antileptospiral serovar
bataviae antibody; original magnification, X252)
thelium in increasing quantity over a period of 2 to 3
weeks before its appearance in the tubular lumen
(Fig. 5). The antigen was still detectable, but in less-
er quantity, 1 month after inoculation.
Renal pathology. Glomerular changes were noted
3 hours after inoculation. The glomeruli were con-
gested. There was mild mesangial proliferation.
Mild and focal inflammatory cellular infiltration was
occasionally observed around the glomeruli. After 9
days, the glomeruli were mostly normal.
Interstitial changes occurred 3 hours after in-
oculation and became pronounced after 9 hours. In-
terstitial cellular infiltration was observed focally
around the necrotic tubules, glomeruli, and blood
vessels. Inflammatory cells were mainly mono-
nuclear cells.
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Fig. 5. Leptospiral antigen along the brush border of renal tubules in hamster 4 neeks after inoculation. (Fluorescent rabbit anti-
leptospirat serovar bataviae antibody; original magnification, >< 252)
Tubular changes began 6 hours after inoculation.
There was focal degeneration of proximal and distal
convoluted tubules. Tubular changes were severe
during the 2nd and 3rd weeks when the accumula-
tion of leptospiral antigen in the tubules was in-
tense.
Hamster globulin could not be detected either in
the glomeruli, blood vessels, interstitium, or tubular
cells.
The control animals showed no renal pathologic
changes.
Discussion
Three mechanisms are believed to be implicated
in the pathogenesis of renal lesions in tropical dis-
eases: immunologic reactions, nonspecific effects of
infection, and direct nephrotoxicity. In an attempt
to elucidate the pathogenesis of renal involvement
in leptospirosis, we viewed our data within the
framework of this concept.
Immunologic reactions. Although glomerular
changes in both human and animal models do not
differ from those observed in other infectious dis-
eases in which the immunologic mechanism is in-
criminated [7, 22], the data are lacking to support
this view. The lesion occurred very rapidly within a
few hours following leptospire inoculation. Immune
complex deposition was not demonstrable. Only C3
deposition was seen in the arteriolar wall and occa-
sionally in the glomeruli without immunoglobulins.
This is in contrast to the findings in canine leptospi-
rosis in which immunoglobulins were present in the
renal lesions [5]. The discrepancy in findings could
reflect the difference in immune response and the
clinical course of the disease in different hosts. In
dogs, leptospirosis often runs a chronic course and
may even lead to chronic renal failure [23], but in
our patients, as well as in hamsters, the course was
acute.
Tubular degeneration in leptospirosis might have
been expected to cause a release of host epithelial
antigens and subsequent autoimmune glomerulone-
phritis. This has not been shown in man in our expe-
rience with a number of patients who had repeated
renal biopsy. Krohn et a! failed to detect antikidney
antibodies in the chronic stage of the disease [24].
Nonspecific effects of infection. Hypovolemia,
one of the nonspecific reactions to infection, was
apparent in the clinical study. In addition to de-
creased fluid intake and increased insensible fluid
loss due to fever, hypovolemia could be attributed
to the effects of kinins, histamine, serotonin, and
prostaglandins, which cause increased vascular per-
meability allowing the leakage of protein and fluid
from the intravascular compartment. These chem-
ical mediators have been implicated in the patho-
genetic mechanism of a number of diseases [7, 25,
26], and could be involved in leptospirosis. The
cytotoxin, which is present in the blood early in the
course of the disease, is known to have an injurious
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effect to the vascular endothelium [27, 28], and it
could further contribute to fluid leakage from the
vascular space. Hypovolemia would, in turn, trig-
ger catecholamine release, causing vasoconstric-
tion.
Of interest is the increase in plasma fibrinogen,
which is among the alterations of the serum proteins
occurring in the acute phase of inflammatory dis-
eases, and accounts for the increased erythrocyte
sedimentation rate in leptospirosis [29]. Hyper-
fibrinogenemia could be attributed to severe tissue
damage and vascular endothelial injury caused by
leptospires [27, 28]. In fact, hyperfibrinogenemia of
this magnitude has also been observed in patients
with falciparum malaria, another tropical disease
with severe tissue injury and endothelial damage
[6]. Plasma flbrinogen returned to normal or even
decreased during the recovery phase. The patients
were therefore in a state of hypercoagulability dur-
ing the acute phase of the diseases, and with vascu-
lar endothelial damage intravascular coagulation
was likely to occur. Although there was no salient
clinical picture of disseminated intravascular coagu-
lation, evidence of its presence perhaps in mild
form was shown by the elevation of serum FDP,
and the decreased platelets in some patients (pa-
tients 2, 6, 8, and 10). There was no change in red
cell morphology. Unfortunately, plasma fibrinogen
was not serially determined, but this was found to
be decreased below normal during recovery phase
in patients 1, 3, 6, 9, and 10 (Table 2). In this con-
nection, the decrease in serum C in some patients
could be due to complement activation by intra-
vascular coagulation [30]. It is also possible that the
complement system could be activated by lepto-
spire antigen, which is a lipopolysaccharide,
through the alternate pathway.
There was a definite increase in blood viscosity,
which is readily explained by increased plasma fi-
brinogen. According to Poiseuilles's law, hyper-
viscosity could decrease the laminar blood flow in
the microcirculation. Hemolysis was too minimal to
be of any significance. Although severe jaundice
may compromise the renal function [31], within the
range of total bilirubin from 3.5 to 19.5 mg/dl in our
patients, there was no correlation between the level
of serum bilirubin and the severity of renal failure.
In mild renal failure, the renal blood flow was
normal. Two patients with a more severe degree of
renal failure had decreased renal blood flow, espe-
cially of components I and II. The retention of two
distinct components I and H is, however, different
from the fusion of the two components shown by
Hollenberg et al in the other forms of acute renal
failure [32]. In this respect, the results of renal
blood flow study resemble those seen in malarial
renal failure [6]. Similar to acute renal failure due to
the other causes, plasma renin activity was in-
creased.
On theoretical grounds, it is possible that the
combination of hypovolemia, blood hyperviscosity,
catecholamine release, and perhaps intravascular
coagulation could lead to renal ischemia and acute
renal failure. In occasional cases, renal failure can
be prerenal [33].
Direct nep/zrotoxicity. Although nonspecific ef-
fects of infection could, by itself, lead to acute tubu-
lar necrosis and renal failure, these effects fail to
explain the mild glomerular changes and interstitial
nephritis. Because the clinical features of leptospi-
rosis resemble those observed in endotoxemia, the
role of endotoxin released from lysis of leptospires
is therefore considered as a possible factor in the
pathogenesis of renal lesions. Attempts to demon-
strate the presence of leptospiral endotoxin have
been unsuccessful [34]. Intravenous and intra-
peritoneal injections of 1 to 5 ml of suspension of
killed leptospires (containing 2.5 X l0 organisms!
ml) into guinea pigs failed to produce renal lesions.
Pathologic changes were caused only by viable or-
ganisms, and the presence of exotoxin could not be
excluded [34].
The demonstration of leptospires in the glomeruli
along with glomerular changes, which rapidly oc-
curred within 3 hours after bacterial inoculation,
would indicate glomerular injury caused by bacte-
rial migration. Mesangial proliferation could be a
glomerular reaction to leptospires. Interstitial
changes occurred at the same time as the glomeru-
lar changes did, but they became more pronounced
at the later stage. Tubular degeneration began later
at the 6th hour and gradually increased in severity.
The findings that glomerular changes, interstitial
nephritis, and tubular degeneration occurred with
the presence of leptospires or leptospiral antigen in
the corresponding structures are interpreted to in-
dicate that renal lesions occurred during bacterial
migration. It should be pointed out that interstitial
changes always preceded tubular changes, and both
continued on after glomerular changes had stopped.
The sequence of structural changes agrees with the
direction of leptospire migration. Based on bacterial
demonstration and pathologic data, it appears that
leptospires gained access to the kidney by the he-
matogenous route, causing initially glomerular in-
jury. By hematogenous spread, the organisms
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reached peritubular capillaries and migrated to the
interstitium, renal tubules, and tubular lumen, pro-
ducing structural damage.
It is, however, not clear whether the lesions were
caused by direct bacterial penetration in corkscrew
motion [35] or by factors inherent to bacterial viru-
lence, such as bacterial enzymes, metabolites, or
exotoxins. It seems that both mechanisms are nec-
essary. Leptospiral penetration appeared to be pre-
requisite for nephrotoxicity. Glomerular changes
and interstitial nephritis were likely pathologic reac-
tions to leptospires. Cytotoxin has been implicated
in causing vascular endothelial damage [27, 28]. Al-
though vascular changes were not demonstrable by
light microscopy, C3 deposition in the glomeruli and
arterioles without immunoglobulins shown by im-
munofluorescence would suggest complement acti-
vation by the alternate pathway and trapping of C3
by injured blood vessels. The possibility of vasculo-
toxicity mediated through complement activation
cannot be excluded. Tubular necrosis could either
be attributable to bacterial invasion or bacterial
products. The role of nonspecific effects of infection
must be taken into account. The possibility that cer-
tain products of leptospiral metabolism in vivo may
be nephrotoxic deserves vigorous investigation.
Conclusion. Our data suggest that renal lesions in
leptospirosis occur during leptospire migration with
an initial glomerular involvement that is mild and
transient. Tubulointerstitial changes are caused by
bacterial migration from peritubular capillaries into
the interstitium and tubules, and are responsible for
impairment of renal function. Although the actual
mechanism is unclear, the presence of leptospires in
the renal tissue is essential for the development of
renal lesions. Hypovolemia, increased blood vis-
cosity, and intravascular coagulation play a contrib-
uting role in the development of renal failure.
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